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SIGNALLING SYSTE3I 

Clarence S. Jones, Los Altos, CatiL, assignor to General 
. Precision. Iiic., a corporation of Delaware 
Filed June 4, 1958. Scr. No. 739,909 
26 Claims. tCl. 343 — 6.5) 

1 his invention relates to ele.'ttrical sinnalling systems, 
and mere particularly to apparatus for identifying the 
location of a first object with respect to one or more of 
a plurality of second objects. TTie invention may be 
utilized for a variety of different purposes, a number of 
which will be menticned below. 

In the tran.sporlation and materials handling fields in 
general, and particularly in the eiTicient running of a rail- 
road, it often becomes desirable to know such informa- 
tion as where each train is at any time, or with what 
velocity the train is moving, or where individual railroad 
cars are located. Sometimes it is of great advantage to 
determine the location of goods or materials carried on 
railroads, trucks or conveyers. 

A considerable saving may often be elTected if a central 
agency is apprised, at all times, of selected portions of 
the above information, since the operation of railroad 
or trucking business involves long distances covering a 
large territory without readily available communication , 
equipment. For example, scheduling of trains may be 
considerably simplified by remotely observing the density 
of traffic at crowded switching points. Information as to 
the location and identity of available railroad vehicles 
stored on sidings is immensely useful in determining the 
type and amount of freight space available' at any of the 
loading centers. Information as to the location of par- 
ticular goods, such as raw materials or cattle shipped 
across country on several trains or trucks, helps the 
recipient to make necessary arrangements for unloading, 
storing or tlie like. 

Referring now more specifically to the railroad busi- 
ness, it has heretofore been suggested that radio links be 
established between each engine or each train and a cen- 
tral agency in order that the operators, or the attendant 
personnel thereof, be able to inform the central agency 
of their location. While such systems have been quite 
u.scful, their effectiveness has been limited by the fact 
that each train operator must be rcli.ed upon always to 
furnish accurate information with regard to the loca- 
tion of his train. Additionally, the location of selected 
special purpose equipment, such as refrigerator cars or 
heavy-duty freight cars, may require further radio links 
situated proximate to such coupling points to be operated 
by railroad yard personnel, since the train operator usu- 
ally does not have the means or responsibility to ascer- 
tain cr keep track of the identity of the individual cars 
on his train. 

The need for an automatic signalling system for fur- 
nishing accurate information with regard to train or truck 
location or goods identification to a central agency has 
long been, recognized, and various systems have been 
proposed. As far as I know, none have been very suc- 
cessful, except the systc.m disclosed in my copending ap- 
plication Serial Nu.mber 715,899, filed February IS, 1958, 
for ■•Signalling Sjstem,” which application is assigned to 
the same assignee as the present invention. 

The specific system disclosed in detail in my copending 
application may be -srid to c.-ompri-se an inle rrogator-re- 
spouder system, utilizing an interrogator appar.atus to ap- 
ply radio frequency energy to a transmi't coil carried on a 
nicvrible device such -as a railroad vehicle. In my pre- 
vious cpplication, successive bur.sts of radio, fiequcncy en- 
ergy are- transniitlcd. on difTcr.eni frequencies.which are 
cyclicly repeated. As the vehicle carrying the transmit 
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coil moves sufficiently close to any one of a plurality 
of passive response blocks distributed along the right-of- 
way;' certain of the radio frequency b'urst.s operate reso*. 
nant circuits, within the response block, to furnish power 
5 to operate a small responder oscillator, which transntits 
a return signal on a fuztl'icr radio frequency. By selec- 
tive use of ditTcrcntly tuned circuits in different response 
bloc';s, the responder oscillator will pro'viJe a seri.al pulse' 
code signal for reception by a receiver associated v.iih 
10 the interrogator useful for identifying each response block. . . 
.^s well as using the interrogator on a vehicle to deters 
mine vehicle position with respect to a plurality of fixed' 
loc.alions, my previous system contemplates locating the. ' 
interrogator at a fixed location to identify objects pass-, 
15 ing by which arc provided wiih suitable passive response 
blocks and which pass within the signal field of the in- 
terrogator. 

My previously disclosed basic system offers an ex- 
treme advantage over prior systems in that it uses pure '.V 
20 passive auto matic response block units witlibiU being in- 
aoliirato or unreliable, so that nunterous rcm.ote stations 
or locations may be provided with response nicatis. with- 
out attendant provision of electric batteries or wired 
power sources. V/hile passive response units have bere- 
25 tofore been provided elsewhere, all of these of which I 
am aware required precise physical alignment and were 
adversely affected by various environmental factors. ■ 
.While the invention of application Serial Number 
715,899 admirably accomplisiies its purposes, and while 
30 it is ideally suited for a wide variety of applications, cer- 
tain applications benefit from modification of niy earlier 
system. For e.xample, the specific inteirogat.'>r disclosed 
in det.nil in my c.-trlier system transmits a series of radio 
frequency signal bursts, each of a diiT'erent frequency, 
35 with a burst of radio frequency energy of a further fre- 
quency interposed between each cods signal for automatic 
gain control purposes. If a large number of differently 
coded response blocks are to be used, so that the system 
may employ a digital code having a relatively large num- 
40 ber of binary digits, a large number of different interroga- 
tor frequencies must be transmitted successively. This 
requirement may be troubleso.-ne when the system is 
applied to the identification of very rapidly moving ob^ 
jeets, or the idnlifi.cation of the location of an object 
45 which moves rapidly with respect to a plurality of fixed 
locations. 

In order to allow the use of economical circuitry and 
still preserve system reliability, the time length of each 
radio frequency signal burst must be maintained at or 
above a nanimum value. In the case of rapidly moving 
bodies, the interrogator transmit coil and response pickup 
coil may remain sufficiently close to a response block to 
interrogate the block only during a sliort period of time, 
so that an insufficient number of interrogator frequencies 
°° can bo transmitted if each frequency is aliotted its re- 
quired duration. The present invention is in some re- 
spects an improvement over the previous invention since 
it overcomes the described limitation by interrogating a 
plurality of digits simultaneously. 

In certain ether applications signalling systems of this 
nature nray be used to transmit data relating to the posi- 
tion of a movable object with respect to successive fixed 
locations. Sometimes it is desirable to be able to deter- 
ge mine the rate at which the object is moving by noting the 
^ rate at which it passes by a number of fi.xed stations. If 
a precise velocity determination is to be made at a given 
instant rather than a mere average velocity determina- 
tion, it may be understood that vehicle location must be 
70 noted at different locations which are very close to each 
other. If response stations are located very close to each 
other, and if vehicle speeds become great e'nough, it is 
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sometimes absolutely necessary that all iJcnlificaliondigits spondee which does not require extcmrl power .for its 
. be determined simultaneously. -. operation. ■ . X • . ' ' v ' 

It has been proposed to interrogate a plurality of binary It is a still further object of my Invention to provide an 

• digit's of a responder simultaneously with r.ndio frequency improved s'icnalling system which is reliable in operation, 
energy having a single frequency by providing each re- 5 simple in design and economical in construction, 
sponder with a selected plur.ality of response osciil.alors. Other objects of the invention will iu part be obviorrs 

each one of which corresponds to one digit. Jn this and will jri part appear hereinafter. \ . 

manner, the .interrogation lime is a minimum, since only In accordance with one embodiment of the invention, 

a single burst of radio frequency energy provides a an interrogator unit, also called the intcrrcgaiof, is 

digitally coded response signal identifying a responder do mounted upon a moving vehicle whose location is to b’e 

uniquely. In such a system, the interrogator receiver determined at fi.vcd intervals. The interrogator h as a 

means instead of .the interrogator transmit means utitizes tcjmsmil channel which originates and radiates a radio 

a broadly fuiied coil which is responsive to the radiation frequency carrier signal Haylng'a’ plurality of audio fre-- 

.from each ohe.qf the se'ectcd plurality of response oscil- qucncy' modulafing signals. rcpdu'ated thereon. A num- 

latprs. \\Tien this proposed system is compared to the 15 ber of response blocX, also referred to as responders. 
System of my above mentioned copending application, may be located at various intervals along a railroad track 

It is.secn that the burden of generating the plurality of or roadbed over which the vehicle pas.ses. In the case 

code frequencies has, been .shifted from the interrogator of railroad tr.acks, the preferred position of each rc- 

unil to the response block, with simplification of the spopder is the top or inside of a selected track tie. 
former but with more complc.x structure in the latter. 20 I be location of and the distance bctvv'ecn individual re- 
Jh many., applications, of signalling apparatus; of this sponse blocks is largely a matter of choice dcte.''mined by 

* .nature, large numbers, of response blocks are needed and wh.ai. panicular points identification of location of. the 

only a few ihterrog.ator units ire needed. In such in- vehicle is made. As will be explained below, the num- 

■ stances it becomes uneconomical io increase the com- ber of response blocks which may . be utilized throughout 

plexity of the response blocks. 25 entire railroad network arc limited, at least to some 

.My above-mentioned copending application disclosed in . extent, by the number of digits of the digital code used, 

det.aii an inierrogatOr-responder System using signals of As will become dearer from the detailed description of 

twelve- diflerent. radio frequencies in order to provide this invention, each of the audio frequency modulating 

idenliflcaiion by means of a digital code haying ten digits. signals provides one digit of a digitally eoded identifica- 

If the twelve frequencies are spaced so as not to interfere 30 tion number. 

with each other and not to interfere with other radio sig- As stated above, the respective position of the inter- 

nalling devices, it will be seen that they require a given . rogator and responders may. be exchanged so that the 

amount of the R.F. spectrum. The present invention interrogator unit is fixed and each' of the moving ve- 

. allows a great reduction in the required bandwidth. By . hides carries a response block. Such an arrange.ment is 
using a single interrogator R.F. frequency and a single 35 preferred when goods are moved by conveyor or the like 
response R.F. frequency in the present ‘invemion, I am over or past the interrogator, or when freight cars arc to 

able to transmit a large amount of data using much less be classified upoii entering or leaving a switchyard, 

■bandwidth. In ,my previous system my interrogator unit ' When the interrogator is located near or directly above 
radiating means had to be broadly tuned, with attendant a response block, the pick-up coil of the responder re- 

loss in selectivity, because it Lad to transmit numerpus 40 ^ ceiyes the audio modulated interrogator carrier, and 
different radio frequencies. In a modiled version of my dernodulalcs the same to provide a Tesponsc-actuating 

earlier inve-ntron, a plurality of R.F. response frequencies signal therefrom. This response-actuating signal may 

were required, so that my inierrognvor receiver input cir- comprise a direct current power component attributable 

cult had to be broadly tuned. The present invention al- to the rectification of the radio frequency carrier and a 

lows both the radiating means and the receiver means composite audio frequency signal component attributable 

to be sharply turied, so that stronger signals niav be traiis- to the individual audio frequency interrogator signals 

mitted and received without increasing the cost of my w'liich modulated the carrier. The re.sponse-actuating 

transmitter units, thereby increasing the signal- o-noise .signal is applied to a responder coding means which 

ratio and accuracy of my signalling System. passes or suppresses selected ones of the modulating sig- 

Jt is therefore one object of my invention to provide an nals. The outp.it signal of the coding means provides a 

improved signalling system for automatically identifying, . digitally coded response-actaailng signal by virtue c: the 

Jeeating and numbering a plurality of objects. selected modulating signals remaining on the ouipu! sig- 

It is another object of my invention to provide an im- nal. Each different responder is coded so that it passes or 

proved signalling system of the type in which a plurality suppresses different ones of the modulating signals, $0 

. of digits are interrogated simultaneously, g- that the digital coding of each output response-actuating 

It is still another object of my invention to provide an signal identifies a particular responder, 
improved signalling system for interrogating a plurality The digitally coded response-actuating signal is then 

of di gits simultaneously utilizing a simplified response utilized to power a icsponse oscillator which provides a 

block. further tadio frequency carrier having modulated there- 

■ It is a further object of my invention to provide an im- on those of the audio frequency modulating signals passed 

proved signalling system wherein a simplified interroga- by the coding means. TTie coded response-actuating sig- 

tor unit interrogates a response block with a burst of na! is the sole power required to operate the response 

modulated radio frequency energy of a single frequency oscillator, so that no batteries or wired power sources 

and wherein the response block responds thereto with a are necessary. 

burst of radio frequency energy of a si''gle frequency, in The coded carrier radiated by the response oscillator 

which the sio ,j,i pi-ovided by the response block is capable couples elcctromagnctically to and is detected by a re- 

of uniquely identifying one of a large number of response ceive channel, which may be part of or physically located 

blocks. wth the interrogator. In some applications, it may be 

It is a further object of my invention to provide an im- considered advantageous to icctify the carrier to provide 

proved signalling system for interrogating a plurality of a voltage for automatic gain control of the transnsit chan- 

digils simviltan.'ously wherein both the transmit'eoib and nel. The signal received and detected by the receive 

the pick-up coils may be sharply tuned so as to allow channel is applied to an audio frequency disc.'-Lmi.aator 

greater sensitiviiy and accuracy. device which has a separate output channel for each audio 

It is still a further object of my invention to provide f'-equency modulating signal provided in the intsr.-ogaior 

an improved signalling system utilizing a simplifi-cJ re- 75 transmit channel, each discriminator output cha.-ir.el be- 


Approved For Release 2009/04/10 : CIA-RDP81 -001 20R0001 0001 0003-3 



: Approved For Release 2009/04/10 : CIA-RDP81 -001 20R0001 0001 0003-3 


■ 5,06i,l00 


irg sclcctivciy 'responsive' to a respective cr indiviJu'vI 
one of the audio freqixncy intcirogalor sipals. The 
decoded audio signal, which is a mixture of se.ecledjiuot 
frequenev interrogator signals, is thereby I'.nscram c 
or separated into individual audio frequency inter: ogatcr 
signals, and after suitable rcctincation. an output yo.:agc 
appears on each channel associated with a se.ectco aud.o 
?r^quencv interrogator sign.nl. The presence or absence 
ouiput voltage on a channei may be 


included to illustrale a complete sipalling system where 
data may be transmitted, if so desired, from an interro- 
gator to a remotely loc.ated center. _ _ . 

Tlie term carrier or carrier signal as used in this apph- 
catiem is intended to mean any wave suitable for being 
modulated to transmit modulating signals. The term 
modulating signal as used in this specif, cation is any wave 
.suitable to modulate a carrier. It is also common prac- 
tice in tne art to refer loosely to the niooulated end lus 


of an out'put voltage on a eu , rnodulating w.ivcs as radio-frequency and audio-frequen- 

a code register as either a on. ^o. a ^ ciilincuish between incir relative frequencies. 


viding'a digitally coded number which determines unique- 
ly the particular response block bcmg_ m.crrog.,ted. 

^ The digital code set into the code register mai be trans- 
mitted to a central agency by any of the ']'®. ' 

known data link systems. Since t.,e_ central agcnc^ in 
a railroad signalling system of the Kind here, described 
usually desires information from a large nu:r.-er of r i.- 
road trains, and since it might be uncconpmicai to pro- 
vide separate data link receivers for each inierrcgator it 
K.. . ^AA rsn register 


cv b'^nais to cislinguish between incir relative frequencies. 
Such' terminology has been adopted ir the remainder of 
this specification, it being understood, however, that 
audio-frequency is tiscd herein in its widest sCiUse and. does 
15 not confine the range of the modulating signals to the 
audible range. 

■ The portion of the interrogator ICO which provides 
the imcodcd interrogation carrier is also referred to as 
the interrogator transmit channel, and may include a plu- 


vide separate data link !n^.hnlific"ti'on''rV:stcr 20 rality of audio frequency or modulating signal oscil- 

otlen will be convcnicn ^o add_an ^ u.-r, onlv three of which are shown and respectively 


I'o'the code register. ■ An identification register m. ay be 
provided with each interrogator, so tnat sigmd. %vhuy 
identify the interrogator arc sent to the central agency - 
specify which interrcaator is “rcportin.g to the central 
acenev. This addilioT , increases the 
which must be transmitted by the data link system by 
the number of digits , necessary to identify a particular 
intcrrog.ator unit. The additional register, hov.c\c , 

'liot complicate the interrogator, since it is not a Pan of 


lators, only three of which are shown and respectively 
designated by reference characters 110, 111, and 112. 
Each audio frequency signal oscillator dcvciops a sipal 
of a dilTcrent frequency as shown by the designations 


hich interre.gator is ^ 1 ^ ^ become evident from the descrip- 

This addilio-n increases Ihv .t'umbcr o* d,„us { ’ \ n,,,„bcr p of audio frequency oscil- 


tioa bclcw, the actual number p of audio frequency oscil- 
lators utilized depends on the number of responders to 
be interrogated. Each of audio frequency signal oscil- 

. nr 1-tnrs iio'lll and 112 may provide a sinusoidal output 

not complicate the interrogator, ^ 30 voltaw to’ be referred to as an audio frequency inlerro- 

the interrogator, _and oidy conies into p > gator signal or just interrogator signal. An auaio-inter- 

roeator signal attenuator may be associated with each 
audio frequency oscillator. The plurality of attenuators 
' are designated respectively by reference characters 114, 
30 113 and 116. The individual interrogator signals ap- 
pearing at the outputs of attenuators 114, 115 and H6 
may be intermixed i:i a conventional audio signal mixer 
117 to provide a composite audio interrogator signal 
which is modulated upon a radio frequency carrier such 
as may be generated by radio frequency oscillator 113 
bv modulation means such as a conventional modulator 

119. . 

The output signal from modulator 119 comprises an 
audio-modulated carrier, which may be applied to a 


nsetien with a data link system. t u* « af 

For a fuller understanding of the nature and o^cts of 
the invention reference should be had to_ the follow .n., 
detailed description token in connection with the accom- 

f orto block- illo,. 

trating one embodimenl of the signalling system of this 
invention as it might be used in connection with a rail- 
road data transmission sysicm; _ 

FIGS. 2a, ici 2e and 2g each are electrical scnemaiic 
diagrams of several embodiments of coded passive re- 
sponders which may be utilized with the signalling system 
of this invention; 

FIGS 2b, 2d, 2f, 2h ai-e binary code diagrams^ot th. 


40 


FIGS. 2b, 2d,2i, 2h a;e binary 43 variable gain device such as attenuator 120. controlled 

several responder ^ ’ign/qon of ihe by an automatic gain control signal (also referred to as an 

2i- and are included .to a d in the b uDDearins on Icud 121. The purpose of 


iv ana aic .w - 

coding techniques utilized in the responders, and 

FIG 3 is a graphical illustration useful in un..epland- 
ing the operation of the automatic gain control feature 

of this invention. . , . 

The novel features wh;-h are believed to be character- 
istic of the invention; bath as to its organization and 
method of operation, together with further objects and 
advantages iherccf, will be bctier understood from the 


Kjy uii fcaiii -- — — 

A.G.C. signal) appearing on lead 121. Thie purpose of 
providing automatic gain control and the method of, 
developing the A.G.C. signal will be explained below in,, 
50 connection with FIG. 3. 

The output signal from attenuator 120 may be suit- 
ably amplified, if desired, by an amplifying means such 
as power amplifier 122 and utilized to excite interrogator 
transmit coil 123 with the carrier modulated by the com- 

.- ..... _? 1 T 7 u . 1 ,.^ 


1 r -'ll «in,'1#'.*ctnnn irom Inc liunbnm tuii wiui 

^dvantacei ihercc , 'd in cenne-Mon with the posite audio interrogator signal. Each of the individual 

following description consideicd " Lnmnnents of the transmit channel are in themselves 


accompanying drawings in, which several embodimenls of 
the invention are illusirated by w«ay of example. It is 
to be expressly understood, however, that the draw- 
ines are for the purpose of iliuslraticn and description 

* . . » _ _ J _/l_ yvF i’na. lirviitc 


components of the transmit channel are in themselves 
known to those skilled in the art and therefore need 
not be further elaborated on. 

Attenuators 114, 115 and 116 provide individual in- 


— for the Duruosd of iliuslraticn ana u-^sui qkiiau r-- ^ - 

rfd a-e not fntended as a defirition of the limits of CO ,eriogalor signal amplitude control to compensate for 
‘ wpn>5ifiv^» in the sicnallin^ system. 


only a 

my invention. , • i i 

Referring now to the drawings, and particularly to 
FIG. 1 thereof, there is shown an embodiment of a 
co.mplete signalling system in accordance w:ih this in- 
vention comprising an interrogator lUO for prov'Jing a 
modiihied interrogation c.arr’er and for decoding a re- 
ceived modulated response carrier, a response block 102 
for providir.e the modulated re.sponse earlier upon re- 


05 


frequency .-ensitive' components in the signalling system, 
so that all interrogator signals ultimately received may 
have approximately the same signal strength. The com- 
bination of audio frequency signal oscillators 110, 111 
and 112, altcnualors 114, 115 and 116, mixer 117, mod- 
ulator 119, radio frequency osciilato.- 118, gain device 
120, amplifier menn.s 122 and transmit coi! 123^^ere-_ 
fore provides an interrogator transmit means for sen- 


se earner upon ic- lu.c riu-iuta ,.,,^,1..^....^.. — . 

ceipi* of me modulated interrogation carrier, and a data crating and mdialing a radio frequency carder having a 
link s\st.-m 104 which mav be utilized to transmit inter- plurality of interrogator signals modulated thereon 
mation ohdainci ^;:m decoding the modulated response Responder pick-up coil 125 may be a tuned circuit 

carrier to some central information-gathering center. resonant at the radio, frequency of the came, appn.d 

As will be obvious from the detailed description to interrogator transmit coil 123. and therefore ccil 1..5, 

below the dat- hnk svsiem 104 is oolional and is here 75 when tuned to the frequency of the interroga.or carrier. 
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\Vi’n ,f)?.ve a voltage incfiiccU in it byliic inicrrogatcr car- 
fief. In this manner rcsp-ander pick-up coil 125 com- 
prises a responder pick-up means or a tuned circuit 
liYeaTis responsive tc the carrier from tlvc interrogator 
transmit means which is operative to develop a respom^e 
signal. The response signal frem the pick-u? coil n.;y 
be applied to a demodulator 125 which rectifies the re- 
ctfived radio frequency' carrier to derive a respon:e-actu- 
ating signal having the composite interrograor signal; 
ifi'cdiilaied upon the rectified carrier voltag-.*. 1 

The response-actuating signal may he impressed up:n 
a ceding means such as co-ling netv.-otk 127, which 
operative in .'■pmoving or suppressing certain ones of the 
plurality of interrogator signals making up the com- 
posite iritcrrogator signal. As will be explained in con- 
siderable detail in connection with FIGS, lln tc 2.’!, 
coding network 127 may comprise i ccml'iiiati'-n of 
audio frequency tuned circuits resonant at scle-rlc-a in- 
fe-fro'gator signal frequencies, which permit 'only 'seiectod' 
OPes c-f the int-^rrogation signals to pass thcreth.miiigh. ; 

Irf ether words, coding network 127 contprises a cod- 
ing means re.sponsive to the response-actuating sign.a! 
tvhich is operative to suppress predetermined ones of (iic 
audio interrogation signals and thereby provides -t coded. 
fespoAse-actuating signal including cnly those of tl;c : 
interrogator signals which are characlensti-t of tl-e re- 
sponder. 

The coded response-actuating signal may tb.cn be'util- 
ifed to power a response oscillator means, such as oscil- 
fetor 128, having a tuned circuit resonant at a frequency 
different from that of radio freqtio.ncy oscillator 21-S, 
for providing a radio frequency response carrier having 
(he selected interrogation signals modulated thereon. The 
response, carrier is impressed upon a responder transmit 
coil 129 which may comprise a suitable tur.cd circuit fo- 
ment for inducing the modolnlcd response c-arrier into 
pick-up coil 130 when in close proximity to trensmit cciil 
229. A more detailed description of responder 132 
is offered in connection with FfG. 2 wherein responder 
transmit coil 129 comprises tl:c tank circuit of the response 
oscillator 12S. 

The receive channel of the interrogator unit ICO, pro- 
vided with interrogator pick-up means, such as coil 130, 
is responsive to the electromagnetic energy couple-i from 
the responder tra.-asmit coil 129 and pperuti-ve to develop 
an interrogator receive signal. Such coils are well-known 
in the art and may comprise a parallel-resonant induct - 
ancc-c.'.pacitance circuit. TIis bandwidth of ll’c paraliel- 
res-.'.nant circuit so comprised must be ail-e-quntc to pass 
the side bands present in the energy coupled from coil 
129; however this tuning can be made sharp enough t.> 
provide, in conjunction with filter 131, a desirable signal- 
to-noiso ratio. To prevent any of the electron r.gn-:tic 
errergy coupled from transmit coil 123 to pick-up co-l 
130 from entering th e receive chi n nehTilte r be-:- 

iiisertcd -be!wr;en*'Dick-iiL>_coiF- i5tb and ~TEC elV£f-21322- 
Filter 131 may be a' band-pass filter centered nb-cn‘. the 
response Oscillator carrier frequency. For examp’e, if., 
the in’.eiTOgalor carrier freque.ncy is 120 kilocycles per^ 
second and the response carrier frequency is RG kilocycles*’ 
per second, a band pass filter which passes a frequeney 
band fre.m 65 to 95 kiiocycles per second would admir- 
ably serve the purpose. 

Receiver 132 may include an amplifying stage and a 
demodulator to amplify and amplitude dcmoduh-le the 
modulated response carrier to derive therefrom a com- 
posite interrogator signal including the selected plurality 
of audio interrogator signals. Receiver 13.2 may also be 
utilised 10 derive a control signal shown appearing on 
lead 138 which may comprise the rectified conipone::; of 
the response carrier. The utilization of the cor-troi s'.c- 
nal for A.G.C. purposes will he discussed in'detail bcic.v 
in connection with the automatic gain contro’-vircuit. In 
this manner pick-up toil 130 tind receiver 132 provide an 
inierrogalor, receive tr.ean.s which is operative to receive 


th-i modulated ■rc.Si"-ar!sc ccTier from Ike rSi.'-paadcr and 
which is al-to ope*' stive '.o de. -ivc a control- signal for- 
autcmalic gain control and a comp-rositc audio fr-cquency . 
interrogator signal inclu.ling the- .'clcct-ed riura!;;y cf 
5 audio freqttcncy interrogaiar sign: Is. 

The c--^nro.sit-? inlcrtcyator s'igna! frem the responder 
may t'icn be itnscrtmfi \d or separated imo individual 
interrogator signals by a piurvl'ty o'" -'rrow band-pt'ss 
. aitdio frequency fil.crr- l.U.' 1.''.' an-i .5.36..- The p'.ura'iiy 
10 of liliers as stich i.s refertt-d to bcie'n as a di-criniim-tor . 

means or sim-piy as a disc'imin.-t'cr. It is., qf ccune. c'-.'.- 
• dent' -that for each audio, ft'iqticncy cv.'i'intr-r, such as 
110, there mtist be a corrct-jKmding filter, sitch r.s 134. 
so that p filters are rcqtil.'cd altogether. The / cestgnr.- 
I,q iion shown for each filler mdicates t!:e center frcqueiucy. 
of its p.’5S band. 

E-tct-i filter of the disciiminalcr m.ay be of a conven- 
tional design and m..y co.mpr^su cit'ncr a parallel-tuned , 
or sefies-tuhed' indUcidr-ccpacitor noIwc-.-k. In cert.'un 
’0 instances it may be desirab'e to utilize an active filter of 
the v.ell-knowii typo of a f-;-e-d-back ampiifivr 

Itaviug a frequency dependent network iit its fcc-d back 
path. Suitable frequency dependen, networks may b-c 
found in chapter 10 of ‘ Vacuum Tube Amplifiers," vol. 
q.-, n of the Radiation Laboratory S-;ries, published by Mc- 
Graw-IIi'.l Book Ccmpa.ny, litc., Ifi-tS. Each of the 
tuned circuits is resonant at a uiE-rrent one of the intcr- 
I'Cgalor signals, and opcraiive to pass only the inter- 
ioga.tor signal at. the resonant frcqurucy of the tuned 
30 circuit. Each filter m;-.y include a rectifying stage hav- 
ing a diode to derive a direct currc;;t vo'l.'tge as the 
coded output voltage., 

6' course, if coding network 127 has s’.rpprccsed a par- 
ticular audio interrogator signal, this prrilcidar signal is 
35 not presented as part of ihc composite audio sigtial re- 
ceived by pick-tip coil Id-r. .and comcquently, the filter 
associated with that pt.rticular supprc.sscd audio fre- 
cp.ioncy does not provide an output vo'.tr.ge. Thas it will 
be seen that the presence or absence cf given audio fre- 
40 q-iencie.s in the signal received froni any given responder 
may be indicated by a corresponding presence or absevice 
of an O'ltput voltage from ihe filters "'ssociated with the 
given audio freq'.ien .ics, providing a di.ritttl coding unique 
to the particular responder being interrogated. 

,jj Therefore, the phirttlity of fiber 134, 135 and 135 pro- 
vide an audio frequency discrirrnnaiing and detecting 
means respon.sive to the composite audio frequency in- 
terrogator sign' 1 and opciative to provide an output volt- 
age signal for ca-:!i audio frequency signal ■which has been 
transmitted to the rcsp'.mdc.-, passed tiirough the re.spond- 
er coding network and rc-tranimiined hack to the inten 
rogator receiver. 

It shotild now be clear th.at tb-e number of au-Jio os- 
cillators, such as the one designated by reference char- 
.g.-,..acur 15-3,. dcttrrr.iue; how ir.any ccding”n;tworks (and 
di'Zfeence how many responders) can be uniquely identified. 
For example, i,' three intvrrrrator signal oscillators are 
u-'ilized, three ciiE’r.vit rTnr.ls ere m-edulatcd upon the 
interrogation carrier to provide only S ditTercnt binary 
cr hibin.'itions. Thv.'crerc. only Z c'hirrcn: responders can 
be uniquely identifi-.’d. Wth four interrogator signal os- 
edkators. 16 response blocks may be identified, .^s is 
well known, if tiie nurnber of rc- pease blocks to be 
identified i's X, the number p of audio frequeney i.'.tcr- 
G.5 ^'^Sntor cigua! utcMiatorj nc'.csc.'ry to provide iiaicue 
identification is given by the c-xp.'e.-sic.n wher-e p 

is, of course, an integer, if icspo.nsc blocks are to 
be uniquely i-.ientifieJ, i3 dh?.Teiti inlcrrcgaiio.r signal os- 
cillators aie rc'.-iii'eJ. Ofcbursc. the ic.svi.rc-d audio fro - 
-j qucncy intorrog .tor c-^ciRitor., m.iy b.* givided bet-vveen 
two mure iuterrogsterv placcJ sid^ by side to provide 
a single composite intcrrcgator.' 

The output v:.llagcs from the audi-.x fii-ers and dstec- 
to.'s 134, 135 a.nd 13.1 b.ing in.diglt.i! Cv'Je, they nmy be 
75 applied directly' to the digit stages 137. 13-3 ar4 1.'.'9 of 
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cedi resistcr i^O. Obvio'jsly, the nuirjhcr of st.ijes re- 
qiiired for the register is she same as '.he number of 
in;crrc:;a;cr signal auJio o 'Ihtors. each stage being as- 
soeialcJ v. ith a il’n’crent interrogator auJib signal, bach 
stage of t’nc rcg.is'xr may be set by the ocuiirrcnce of an 
outgat volt.age from a r-an-cular filter, or, al'.crnatirely. 
caeit stae'e jnay be set by the ab.scnee ol an oiilpul voil- 
eg.e, if ucMi'sei. 

it has be.'.V fcut.tl that the reliab.'iiiy of the receive 
chat'.nei of interrogstor ICO can he improve:! by aprCy- 
ing the outpir. voltages from dcuctors 334. 135 and 136 
to'ibc i.np:i! cii cults cf a plurality of associated difTeren-e 
arnplincrs 143, 143. and 344 instead cf directly to register 
140. ill this manner, the output vcllages may be com- 
pared with a reference voltage fro.m .a source l->5^ to 
m-.ke certain that the output voltages have a sufficicnl 
mf.gnitude, to have originated from an interrogation sig- 
tjarpassed by coding network 127 instead of 'ceing noise 
or stay pick-up. Unless the magnitude o.' th; output 
voltage from a gi»'cn filter is above a prcdc.crmined Ic.cl, 
indicating llie p’rcseaec cf a siifFicicntly strong inierrcga- 
tion signal, its associated difTcrcnce amplifier wilt provide 
no diit'erence output voltage, and- the digits of register 
143 will not be set erroneeurdy by noise or stray pick-up 
sig.ials. Reference voltage source 343 may include an 
ndjustment means, such as a polentlo.mcter, to provide 
an adjustable reference voltage. The combin.rtlon of the 
asso.'.iated difference amplifiers 142, 343 and 344 and the 
reference voltage source 145 thereby provides a compar- 
ing moans respon.sive to each of the output voltiSges 
from the deteclois for comparing the output voltage with 
a reference v.nltage and for deriving a difference signal 
to be applied to register 140. 

Attenuators 114, 315 and 116 may be utilized to in- 
dividually control the amplitudes of the audio frequency 
interrogation signals so that the individual output volt- 
ages from the detectors 134, 135 and 136 may ’'i set 
at a predetermined level with respect to the reference 
volt.a.ce. Some of the components placed betw.-'en inter- 


10 


15 


10 

fiat poriicn, preventing any output voltages except during 
the time when automatic gain control is operative, and 
hcr.ee insuring that the regis;--..' will not be set e.vcept dur- 

ingco.nditions of adequate signal strength. 

Aulcimatic gain control may be obtained from the rec- 
tified response carrier voltage on Ic.'.d 135, which is com- 
mensurate with the power input to receiver 332. ^ Since 
the voitaee on lead 33t5 is ampiitudeTmodulatcd wdlh tiic 
composite interrogator signals -as-.ed by the coding net- 
work of the responder, audio filter 150 may be employed 
to eliininii'.e this comno.-ite ir.tcrrogntor signal. Filter 150 
may take li’c form of a simple R-C filler to suppress all 
interrogator signals, but shoutd ht:ve a time coristant which 
keeps the AGC loop gtiin less than unity beyond the 1S0° 
phase shift point, so that a stable loop is assured. 


voltage from filter 150 may be impressed 
.’.mplifier 151 and compared with a 


volt.ace, some or tnc componems piateu eeiwc.i miei- v . ' 

rocator signal oscillators 110. Ill and 112 and filters 154, 40 therefore, the time of interrogation. 

_ - J*- - - . . • .. e vnllnopt levsL the loncCT W'l 


Thi 

upon a diff-.Tchce , — . . . 

selected rc.’crence voltage from an adiustablc voltage 
source 152. If the reference voltage e.'xecds the output 
20 voitaee from filter 15C, no signal appears on lead 123, 
and variable gain device 120 inserts minimum attenua- 
tion between modulator 119 and amplifier 122. When the 
rcctificd'and filiercd response carrier voltage from filter 
150 exceeds the reference voltage, a control signal is 
23 obtained w'hieh increases the attenuation of variable gain 
device 120, directly conltoiling the intensity of both the 
modul.itcd carrier applied to interrogator transmit cotl 
123 and indirectly cpnlrolling the intensity of the modu- 
lated carrier applied to responder transmit coil 129. Vari- 
30 able gain device 120 may comprise a voltage-controlled 
variable gain amplifier rather than an attenuator, as wi'l 
be apparent to those skilled in the art. ^ . 

The combination of difference amplifier 151, filter 150 
and source 152 thereby provide a further co.mparing 
3-5 means "responsive to the rectified response carrier voltage 
for comparing the recti.fied response carrier with a refer- 
ence voltage to derive jH automatic gain contiol signal. 
As is e..r.lly seen, the level of the reference Voltage deter- 
mines the tinie of automatic gain control operation and 
' ■ ■■ The lower the ref- 


50 


135 and 136 of the discriminator are frequency sensitive 
and adenuafe the interrogation signals as a function of 
th.'ir respective Frequencies. Attenuators 114. 115 and 
116 are primarily utilized to comronsalc for such fre- 
quency dependence and to provide an output voltage of 45 
predetermined mag.nifude regai d’ess of frequency for com- 
parison with the reference voltage from source 145.. 

Sinc-e interrogator lOt) and responder 1G2 often move 
relative to each other, the coupling between interrogator 
transmit coil 123 and responder pick-up coil 125 increases, 
from a small value during the approach, to a maximum 
when the relative distance therebetween is a minimum, and 
thereafter decreases again as the two objects move apart 
in the opposite direction. If the energy provided by 
transmit coils 123 and 129 remains. constant, the power 
level of the signal induced into pick-up coil 130 is de- 
I'Jcted by curve "a,” FIG. 3. Curve "a” is a plot of rela- 
tive power level received by pick-up coil 130 versus dis- 
tance between interrogator 100 and responder 102. By 
providing automatic gain control, the pow'er applied to 
interrogator power amplifier 122 may be controlled so 
that the input to pick-up coil 130 remains nearly constant 
during the' ti.me interrogator 100 and responder 102 are 
in close proximity. Curve “h," FTG. 3, depicts the power 
induced i.nto pick-up coil 130 when automatic gain con- 
trol is provided. "7 ' - - 

The advantages attendant with automatic gain control 
sh.oiild now become anperonr. The receiver can be fu'jF 
utilized without fear of saturation, which otherwise might 
clip Of distort the received modulated response carrier.. 
Furthermore, the output voltage from audio detectors 134, 
135 and 136 remains constant durin.g the tiibc which eor- 
.re.sponds to the fiat portion cf curve h, FIG. 3^ In ihts 
iTianncr, the referenee voltage from source 145 may be 
s-et .just a little Lclow the level which corresponds to l.iat 


cence voltage level, the longer will be the interval in 
which interrogator 100 and .any given responder 102 will 
cooperate to provide signals to be recorded in code regis- 
ter 140. 

As previously mentioned, ‘.he output voltages from dif- 
ference amplifiers 142, 143 and 144 set register 140 by 
recording the selected interrogation signals passed by 
coding network 127 of the responder. It is therefore 
necessary that the register be “clear” prior to setting its 
digital stages. In other words, when interrogator 100 
and responder 102 approach one another, no record of 
a previously recorded digital number should be in the 
register. For this purpose, an electrical clearing pulse is 
appIicdTo each of the stages jf register 140 via buss 160. 
55 This clearing pulse may be obtained from the output of 
a reset moans such as mono.stable multivibrator 161 fired 
either by the .A.GC c-omrol signal on lead 121 or another 
control voltage derived froni the response carrier. As 
shown, the difference signal from amplifier 151 may be 
Qj utilized to fire monostable multivibrator 161 which clears 
code register 140 and thereby prepares it for receiving a 
new set of digits. The clearing of the code rcgi'.ter 140 
may take place vvhen tlic automatic gain control becomes 
operative, which conesponds to the time at which inter- 
ij^j-w^or ICO and responder 102 are coming into the de- 
sired proximity for identification. Multivibratcr 161 
therefore provides a code register clearing means, respon- 
sive to 7a voltage derived from the rectified response car- 
rier signal and operative to provide a clearing pulsg for 
-Q resetting the code register, 

‘ In addilion to clearing register 140. the pulse from the 
monostab'e muitivibiatcr 161 may tdso be 'Jli'izc.j to op- 
erate an analog audio frequency g.atc circuit 133 'oy open- 
ing the .gate foe the time interval, during wdiich the auto- 
75 inctic gain control circuit is in OiieruUon. C.d.e 1.''3 may 
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.\vh;i.-h ciinnje ihcir.ti.v.e of conilociioii <iurins [lie receipt 
cf a, pulse of prcdc‘erm:nc(i pokiriiy anil duviliorv. Gave 
]33 v.iil ailJiiiop.ully improve relial’iiily of llie Mrnr.llinj 
system by opening tlie conduction path bet vecn receiver 
i’32 and reyisier 1-iO only duriny the time .intcrvrd when 
interroenlor 3.00 and responder 102 <.re in close f roxiimity. 

Jn tliis mniincr, code rcyaslcr ilO is onl*' open vnen the 
slcfiJii-tC'-noisc r'iiio g nici'viriiUin. 

"in ilio intenoeatof described Iicrcalove, dilTercnce cm- 
plitler If I is i!'.ilic-cd to provide aittonutic yair. control 
iinVlo fire multivibrator 16.1. It is to be iindc! stood, 
liovve.er, tlial such dual function nnanycinenf lias been 
prc'-cntcd only to retain simplicity and clarity in the de- 
scription of this invention and that separuli^r.iiiplificrs or 
separate tringcr siynal source- may be emp'eyed. I-i.-.c- 
wisc, the oiirput siciiul from muUivibr.itC'r 161 is suitable 
to simultaneously provide th-c clc.irmy pulse to rcyi^ter 
1-10 and the paling pulse to gate 133. As y.ill h.e obvtcus 
io Ino-e sl.ilTcd in tl’e art, there may be ‘certain fdvr.n- 
tages in utilizing separate multisibaatois cr perhaps other 
kinds of trigger circuits to proiidc the desired control 

The description of FIG. 1 hereinabove nas been c.x- 
phinatoiy of one embodiment of the signalling system of 
this invention whereby a digital code is set into code 
register 1-10 when interrogator IQO ■uid responder 102 
pass each other. When interrogator 100 of liis inven- 
tion is mour.tcd upon a railroad vehicle and responder 
102 is fixed upon the tracks of the railroad netv.'Oik, llie 
usefuiness and versatility of the apparatus of this inven- 
tion can be extended by providing a data link from mov- 
ing interrogator 100 to some centrally loc-atcd tigcncy so 
that the agency m.iy be apprised at all times of the locu- 
tion of the railrpnd vehicle. 

Any one of many well-known data link systems may be 
employed for this purpose. The siriipafed data link sys- 
tem 1C4, illustrated in FIG. 1, is nierely one exemplary 
way of Irtinsmitiing the digital code set into cod.i register 
140 to a centrally located dr;tu link receiver 170. Each 
of the stages 137, 13'.'. and 139 of code register ly-O is 
connected to an associated coin.;idcnce or ‘tmd'’ circuit 
171, 172 or 173. When a stage has a “one" set into it. 
a voltage representative of the “one” will appear on the 
lead connecting it to its associated coincidence circuit. 
Wlicn a “zero” is set ht'o the stage, i.c. the stage has 
not been set, no voltage will appear oti the lead to the 
associated coincidence circuit. 

A free-running commuttdor or ring counter 175 pro- 
viding a plurality of sequential output pulses has each 
of its output leads coupled to an input line of a different 
one of coincidence circuits 171, 172 and 173. idle inter- 
connection between commutator 175 and t'le plurality of 
coincidence circuits 171, 172 and 173 is ni.ade m such a 
manner that each of the. coincidence circuits, h.vving the 
same order as the ‘interconected stages, receive an out- 
put pulse in that sequence. Since a coincidence circuit 
p,-ovidcs an output voltage only if both of its input leads 
simidtaiieously receive inpui voltages, and since the out- 
put leads of all coincidence 'circuits ar-e connecled to an 
“or” circuit 176, the ou.put of “or" circuit 176 will 
be a sequence of p'..i!scs for each of those sttigcs 137, 133 
and 139 into which a “one" is set. If ail stages in code 
register M3 are set, the output of “or” circuit 176 takes 
the form of a number of cqiudly spaced successive pulses. 
For each of the stages which are set with “zero,” no pLilse 
appears. 

The output pulses from “or" circuit 176 .may b-e utilized 
to modulate a draa link canicr from radio f.-e-uiency 
oscili'etor 177 with the aid of a niodjlator 173. ?ulse 
r.-.c-dalatioii of a radio frequency carrier is u ell-known 
to those ■ skilled in the art, and iherefo.'e need not be 
el.iboiatcd upon. The pulsed or coded^data link cturier 
from modulator I7S may be inipresscd upon the d.,;a link 
imienna 179 through the transmission actuator ISO for 
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r.ndi'.ilion of the coded intelligence to receiver I/O. ; .'ans- 
niission actiialor ISO may corr:pri.;e a gating network 
which is nornvally open, he., non-conducti'c and vv.tich- 
becomes conductive when a.coctrcl voltage is er.''h':d 
thcrc'.o. The control volt; ge appl'-ed to iictua'.or .*.30 by 
he; d 131 may be supplied by the synenronize'.tun u.ml 
Ifig k-.ycd by cot vmu.lstor 175. The pu.rpo.se of ayn'.hro- 
r.iz.uion tinil lc’2 b to provide a mci-n; of ld;u;.l> '.ng '.I'e 
st.irt of a sent ence, i.e., to star; trens.nuvsion cf the r.idio 
t,i frerticncy carrier vshcai comthutriur 1,75 apphes a^pitlsc 
to the “iind" chetiit assock'itcd with the, first st.;gc of code 
register MO. There aic. cf co'u.-ve, riany other w; y.s w^ll 
kuov.ii to thow skiifed-in live art of providr.ng snte.hgetice 
to murk the beginning .of the commutation sequence,' 
v.hicli may be substituted for. the cxcntplary system de- 
scribed. - - , . -'.i . i ‘ . 

It is sometimes dcdrable to restrict ti'ahsniIssi.on of 
dat.a link info: m..;ion to a short tuviC interval cdni.'!'.cnc::ig 
when code regiper MO has bee-n set. This rn. y be ac- 
•_'ii coii':pii''hcd by a ftirthcr control signal applied via lead 
351 to transmission actuator 1K9. Ihc, furih-cr comtol 
signal may be taken d-rcctly from monostcble nitdli-i- 
brator 161 which, as explained above, m.iy provide a. 
pttlsa of iiny dc.sirvd dur.vtion when fired. A r-cl- 

25 work, not shown, may be iiicoi'p-ortitcd into actii.ilor 333 
i.n co.nncction with inye*. lead 134 to start trains. ntssioii 
at a time when all digits have been set into code register 
140. . , 

If it is desired to receive coded inform:', lion from more 
30 than one interrogator with the s', me data link antenna 
185 and data link receiver 170, ;;n idenlificalion register 
U'O may be added to code register l-;0 to prcivide a 
binary ntimbcr ch-aracl-erislic of a particular int'.-ri't'gutor. 
The number of digits in idcmificitioh register 1'50 dc- 
33 pends on the number of interrogators to be employed. 
For cxti.mple, if 50 interrogators arc to be in service, titc 
mi.iirnum number of binary digits neccssi.ry for identu'e;.- 
tion system 190 would be six, us is well known. Etch 
digit of identification register li'O it connected to an asso- 
-to ciated coincidence or "r.nd" circuit ;9l in the sa.n.e way 
as described in connection with the binary digits of code 
register MO. Only one ''and" circuit I9i h.is been sho.vn 
to retain simplicity cf the Hock diagram of FiG. I, but 
it wilt be obvious to those shilled in the art, th.at eacli 
binary digit requires its o'.vn associated “and" circuit. 
Similarly, each “and" circuit has its input lead coupled 
to conimutrdor 175 for becoming part of the sequc.'.tia! 
ceding in the same manner as ‘■and”-cii'ctiits 171, J72 and 
173, Whether the control sir.ni.I on Ic.'iJ l3i starts the 
jQ sequence with the stage.s of code regisier 343 or identirica- 
tion register ,1.50 is purely a mutter of choice. 

As described above, respor.Jer 102 of FIG. 1 receives 
a radio frequency carrier having a composite inlerrog.vtor 
signal modulated thereon. This compo.sitc signal is a 
55 mixture of all the interrogation signals derived from the 
plurality of audio frequency oscillator 110, 111 and 112. 
Responder 102 utilizes iliis received carrier to provide 
a radio frequency respe-nse carrier having a further com- 
posite interrogator signal modulated thereon. The fur- 
5Q iher composite intenog-atof sigtial is a mixture of those 
of the interrogation signals whicl: are passed by the coding 
.network of a particular responder. In other words, the 
responder is a means responsive tc a radio frequency in- 
terrogator carrier having a plurality of , audio frequency 
55 interrogator signals modulated thereon vvhtch is operable 
to derive a radio frequency response carrier having only 
selected ones of said pltiraliiy of audio frequency inter- 
rogators modulated thereon. 

Referring now to FIG. 2a, there is -shown one illus- 
. trative emboaiment of a responder constructed in accord 
. ance with, this invention. A tuned circuit 210, compris- 
ing an inductor 211 and a capacitor 212, mciy. if de- 
sired, be utilized as responder pick-up coil 125, FiG. 1 
'ITic impedance values of the inductor 211 and ^peciio. 
75 212 ate selected that circuil 210 is resonant -ai the' fre 
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Quencv of t'lc Ir.tenoiator cnrr.cr. Of course, _i- t,> e 
transfer of energy is primarily by radia:;on, a raoio fre- 
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tnc pliii nlilv of a':o!o frequency interrogator signals which 
. ■ e:t'r.al 


qucncy auienna 


may be t-. up 


4oJ to tuned circuit J.fO- 


is cp-’raliio to pro 
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of a sc’ccic 
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[n this matintr, tuned circuit 210 or 


. con'ibut 


ilion of a 
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for receiving tite 
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up means 

"Tmctilicr, such as diode 212, rcctin« the rnodula^ 
radio frequency ini'-vogator caiCiCr ai.o a s.i,co..ung c,- 
paciicr 214 provides carrier fibenr.g or po....h,ny acocn. 

It is. of couse, r.ec£.ssary- to select t.ie ir.-.r.c.u...ce o. c- 
■pacitor 214 so that only tnc :n,en>.^g.- 0 . 
smoothed and so that none of ‘.he au.lio mie: rpg., .r .g. 
ulaiing signals arc apprcciabiy atlenuaiod. rt is, 
obvious that smoothing capacitor ..i--- bs 
by any of the many wcH-knovn .ilicrs w.uc.i. ' 

junction whit reetiftcr 213, pio.v.des a democuuu d Kh 
voltC'.g-c. The combination cf d'.cdo>do and cai^i.uc. 
corresponds . to amplitude demodulator 12^ of FiO. 

The signal apnearina across icnnmals.A and H, v/niwh Sig- 
iial has been referred to as the rcEpon-'actuating signal 
is ntade up of a rectified interrogator earner component 
and the composite audio interrcgaior. signal- tncluo.n 

all of the audio frequencies (/r, h /p) mod-ula.cd 

on the carrier transmitted to the rcar-oiider- .icm i*-- 
interrogator transmit charuicl. The combination of 
rectifier 213 and capacitor 214 tlicrcfoie pro.’id-..s a 
responder demodulation means responsive to the modu- 
lated interrogator carrier signal wT.ich is operative to am- 
pliiude-dcmodulate the carrier signal to derive a respon.e- 

actuating signal. . , „ . ,• 

Couplrd across term.inals A and B is a coding nctwo,^ 

. 220 which corresponds to coding network 1-7 shown in 
FfG. 1. Coding network 220 comprises a selecPcd num- 
. ber of tuned circuits, resonant at those of the interroga- 
tion sicnsl frequencie.s which are to be s':ppre.i.5eu. ta . 
of the tuned -Treuits is designated by a scierence charae'er 
h /=, I-, /a and /g to designate its res. dive resonaj.ce 
freqiicncv and may comprise a parailel-resrn.Si.r iiiuUc- 
tancc-capacitcince network. Tuned ciicuit is rcsoucin 
at the interropMor signal having the audio /s- 

At resonance this circuit presents substanual.y infinite 
impedance, which prevents interrogator signal h 
. appearing across coding network output terminals C a 
D. .Similarly, the inierrog.ator signals /=, j-. h and h are 
likewise prevented by tuned circuits h- J'- ^ ’!5* 

spective’v from appearing across icrmir.a.s C and u. 

l-cr elTective operation of the codi.ng network the in- 
dividual tuned circuits should have a high Q so that none 
but predetermmed interrogation sign.als are a-dcr,Liat«t. 
The greater the desired number of digits in the^aigi-.ai 
code.' the greater will , be the number^ of audio in- 
lerrcjator signals required and the smrdier wiil be t.te 
allowable frequency separation between two frequency 
adjacent signals, since the available audio frequency band 
is ihnited; Conscquer.llv, the Q's of the tuned circt.ds 
f- U, h and h determine, at least to some extent, the 
number of digits which may be employed, Tb.e atu. o 
. frequency hand or 'ectvum available depends on me lo\v 
f -equency end, and on the .avaii-ebility of a tan.-d circa., 
sjch as circnii h wbich can be made resor.anl, at .rc- 
cuency h- prv.cika] purposes, ^frcqu^cies bmow 

-. ; 00 cycles rer second should be .ivoici'd. On ihe hiyh 
frequency end, the limit is imrosed by cor-dcr^rr 2W 
'..ihich s.mcothes out the inter: ogalion earner. For ex- 
amole, if the interrogator ciirrhr .fres.itettcy is ’20 ki.o- 
cvfles’ per second, inierromt'or signals above apprexj- 
/iv telv 30 kiloevcies should be avoided to prevent recuti- 
■ ■ c.ticn thhereof. A' lypieal selection r.F 10 inicrrovatar 
fieqiienc'ies. none of which is harmonic uty rolal.-d to 1 le 
.ethcr-s in kilocvdes per sccc.iJ is as. tcllov.s.: 2.1, - 
3.U 3.7. 4.3, 5.5, fi.fi, 7.7, 8.f:, , 

' Coding n.nwork 7.20, as dc.=c;ibed : hove. :s therefore 
■ 5 ;c:i. to be a coding mc.vTis .’■esronsiye- to ih.e rc.sp-.visc 


ctu.iting si 
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TV., re^ccr.-icr uniouelv. 

• Yr- r-ivccr-nc rxio^s leFniiP-ds C and D.aro 

hcrclcfoiFtcfencd to as a coded response-ecUpting^^g- , 
na! muv be utilised to power a re.,pon-e oscillator 2ed, . 
vvlt'ch ma'v include a ptirallci-ttiticd circ,,!.^ co..'prisi.ig 
inductor 2'31 and c.rp.'.citor I'd'. The impedance values 
of jnJuaior 231 and capaetto; 232 ere selected to provide 
rc.-ioiter.-e-e at ..he d-tsired frety.ier.cy of the radio freruency 
re ■"'or'.-; cerr'er. The collcci-sr elertro'lc cf aPN. junc- 
tio,i trensislor 233 is connected to one side and terminal 
C lo ihc O'.hcr sicic of ihc pir:;;!cl ur.'icd circuit of oscil.a- 
to- 233 " '•'i perall-el conibinatio.n cf resistor 234 and 

c-tpecitc.r 23.3 is connected between the base electrode of 
the transistor 233 a.nd one output tcr.minal of inductor 
'36 The rcrioining output terminal is connected to ter- 
minal C. Tennine.l'D is coupl-ed to the emitter electrode 
of the tiansistcr 23,3. The circuit hcrca’eove described 
is a tre;is.’'lo.-i 7 ed vers.ion of a conventional tuned plate 
type cwi'i'atcr and. is merely exemplary. The_ coded 
■ rc.'.nonse-e.cti:atiiig signal, appearing bclv-'cen terminals C 
nnd D. comp-tiscs a direct-current cornpor.-enl due 10 car- 
25 ricr rcctific.ttion log.-ethcr with those atid.o compoiicnis 
of the original carrier which were not filtered out b> the 
tuned circuits cf coding i’etv.’e--k 220. Ti ls co.nposite 
signal is applied, as shown, both to furnish power to 
transistor oscillator 235 and to modulate the carrier pror 
.30 vided by oseilii'.'.or 230. The contposite signal is applied 
throu'’h the c.sciU.ntor tank circutt (coil 231 and capaci- 
lance' 232 ) directly across the transistor collector-emitter 
circuit, causing tranrislor current flow. The current vari- 
ations ill coil 251 of the tank circuit arc coupled to iri- 
S5 ductor 236. which is connected via an RC network (23.., 

7 35) to the transistor base electrode, thereby providing 
the positive feedback necessary to sustain oscillation. 
The circuit therefore oscillates and providp a second car- 
rier at llie resonant frequency of tank circuit 232. 

40 Inasmuch as the current flowing through resistor 234 
controls the' transistor and tank circuit and already con- 
tains the audio components, the carrier generated by 
osciila'or 230 will be modulated by these audio compo- 
.nents. Resistor 234 serves to bias, the base electrode 
. 1 -, properly with respect to the emitter, and capacitor .3s 
serves as an RF bypass around resistor 234. Numerous 
different oscillators may be substituted therefor, as for 
example, those shotvn in .jnapter 14 of Handbook of 
Semiconductor Electronics,” Hunter, 1st edition, 1956, 

Gu McGraw-Hill, New York. , 

It has been pointed oat above that the coded response- 
actuating siunni may be the sole power input signal to 
response oscilialor 239. Be-:ause the coded response- 
actii.ating signal comprises a component duc to the 
',j fied radio "frequency intcr.ogator carrier and another 
component due to the selectbeiy passed audio frequency 
inlerrogater signals, the radio frequency response carrier 
is modulated with a composite interrogator signal^ com- 
prising only such selectively passed interrogator sig lals. 
i n If in a p .- icuhir rerponder. n-one of the audio frequency 
inten-oamor signals is transmitted by the coding means 
and, instea;’, all audio freque.ncies are to be suppressed 
to ider.tifv the responder hy the digital code OuOO . . . 
009, the oreiilator 235 is .still required to provide a radio 
frequency response carrier. The rectmed intcri ogato. 
ean ier co.mpcncnt must always be siifncicntly large lo set 
oscillator 230 into csciUaiions. Also, the degree of 
iriodulntion or the inadiilatioT'i factor must r'Ot be laisa 
as to interfere with th: powering of oscill-u -r 230. 

The fi ned circuit comprisine inductor 23. and capaci- 
-tor 232 may be iniliicd r. rerpo.nder transmit coil 129 
FIO. 1., so, that no auxiliary transmit coil is required. u^E 
course, an antenna may be coupled to this tuned circuit 
to provide the actual radiating tlemcn; if so desired. As 
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nelwork illustrated 


■ tuned circuit 231, Irnnsmil coi! . I'?,- FIG. I, may be 
tuned relatively sharply to provide high cairi and a re- 
sVdting savins in power. For the same reason transmit 
coil 123 and pick-up ceils ,123 and I33, riG. 1, may he 
' relativ ely sharply iuned. 

The ccml'ir.atio.n o' oscillator 230, including the tuned 
circuit cc.s uprising inductor 231. and, capacitor 232, pro- 
vides therefor, a responder oscinatcr means responsive 
to the coded rcspou.5c actiiaiiiu: signals v.diich is opera- 
tive to erncralc and radiate a radio fre nicricy response 
carrier hriving selectively passed intcriogator signals 
modulated thereon, the particular combination of iuter- 
roaatcr signals modulated on the response carrier being 
uniquely rehitcd lo the particular responder contairiing 
the oscillator means. 

FIG. -2/> iilustralcs the digital cede which' the responder 
of FIG. la would set on code register l-!0, FiG. I. The 
tuned circuits /j, fj. /■;, and /g permit transruission of 
tha into: ro,galor signals havin.n frequeheies ,f;, .F, .fj, /c 
through coding network 220. Therefore, selected inter- 
rogation signals /i, j-j,, /i, A . ■ - provide the "ones” at 
the output leads of associated difference amplir-ers, such 
as those shown in FIG. 1 and designated by reference 
minierais 142, 143 and 14-5. As previously mentioned, 
each responder is provided with a'dilTerenl coding net- 
work having a difTcfcnt number or kind or both of audio 
tuned resonance circuit.s to provide a coded response- 
actuating signal having a unique combination of audio 
frequencies. 

FIGS. 2c, le and 2g show different crnbodinients of 
coding networks constructed in accordance with this in- 
vention Which may be substituted for coding network 
220, _r]G. 2a. The terminal designation A, 13, C. and D 
ctf FIG. 2,'r is retained to- designate the connecting ter- 
minals of the various coding means. The codi.ng means 
shown in FIG. 2c utilizes two fcrics-luncd inductive- 
capacitance circuits /. and /i resonant respectively at the 
audio frequencies h and /p If a response-actuating 
signal is impressed upon terminals A and D, the result- 
ing coded response-actuating signal will not include 
audio frequency inicrrogntor signals /, and since at 
those frequencies Iht tuned circuits A and arc rc.sonant 
and cfTcrtiveiy establish a short circuit across the con- 


rdustrates the binary code cf coding 
. ’ in FiG. 2g. 

Thci-c has been described a signalling 'system wherein 
an intemogator in. relnlive motion with a plurality of re- 
> spenders idciui.'ios each re.sponder by a digital code. The 
idcniification is accomplbiicJ by interrogating each re- 
sponse block at the tirne of closest approach with a p!u-, 
"r.dity of audio f'cqucney signals modulated upon an in- 
terrogation carrier having a single frequency. Upon 
10 receiving the interrogation carrier, any given responder 
pros ides- a response carrier having’a unique combination 
.of, the audio frequency interrogation signals modulated 
thereon. The interrogator picks up the response carrier, 
and by sensing which audio frequencies are present on 
15 and which are absent fro.m the response carrier, a digital 
representntion identifying the responder from which the 
ri'ponse.cr.rrier is being received is produced. 

VTiile the specific embodiment disclosed above iilus- 
trates a sysle.m in which the carrier information frequen- 
CO cies are amplitudc-modifhtcd by the audio code or digit 
..frequencies, it will be apparent to those skilled in the art 
os a result of this disclosure that phase or frequency 
modulation may be substituted in parts of the system with- 
out departing from the Invention, 
do .A number of known circuits are available in the prior 
art t'U prcA’ide the e'entents. shown in block form in the 
dru'.ving.s, and my abovementioned copending .application 
discloses a number of exemplary circuits v.’hich may be 
used. 

SO What I claim as my Invention and desire to secure by 
Lciicts Patent is; 

1. A passive responder unit capable of relative move- 
ment with respect to an Interrogator apparatus and oper- 
able to provide a response signal having a coded eharac- 
35 teristic, said , unit cornprJ.ving in combination: first means 
for receiving a .nrst carrier signal emitted from said inter- 
rogator app.aratus, said first carrier signal having a plu- 
rality cf fined discrete signals of different frequencies 
mouiilaled ihc-con; second means coupled to said first 
40 means; and response-signal generating third means con- 
nected to said second means and operable to provide a 
response carrier signal, said second means being opera- 
tive to selectively eliminate or pass selected ones of said 
discrete signals to said .hh'd means and operative to de- 


ductors 240 and 241. ITG. la' graphically illustrates the 45 modulaic said first carrier signal to provide the operating 


digital code of the coding network of FIG. 2c from 
which interrogator signals /i and f i arc eliininaled cr sus- 
pended. 

The coding network illustrated in FIG. 2c utilizes a 
combination comprising two parallel-tuned inductancc- 
cap.scitance circiiils A and A serially inserted between 
terminals A and C, and two scncs-tiincd inductancc- 
capneitanee circuits A “''■''J fs shunted across terminals A 
and 13.' The p.'irf.llcl-luucd cl.^ciiiis, resonant at the fre- 
queneie.s A ar^d A- '^'>11 suppress the passage of interro- 
gation signals having frequencies /, and A- IFie series- 
tuned ci.rcuil.s, resoiaml at the frequencies A ^''td A. will 
suppress interrogation signals having frequency A 2nd 
A- FIG. 2/ illustrates the digital code of tlie coding net- 
work ;!h strated in FIG; 2c. Tile only inlcrrog.itcr sig- 
nals appe;;ring across terminals C and D are interrogator 
sign-.il h.wing frequency A course those having a 

freque-ncy higher than /j. 

FIG, r.c illustrates a coding network utilizing two 
parallel-ti.'ied inductance-capacitance circuits /, and A 
respectiv.-ly tuned to the frequencies A tind A of the in- 
terrogation signals to be transmitted and conneeled in 
series across te.-minals A and B. Instead of ul-fizing a 
tuned circuit for eli.minating a pariitular interrogation 
signal, the tuned circ.dts in this embodiment pass selected 
interrogation sign.als. A.ll, interrogator s'gtials appearin.e 
between .A and B except tb.ose having frcntiencies fi and 
. A .will be elTecttvcly short circuited across the conductois 
respectively conr.eciine terminals AC and BD. FIG. 4/j 
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power for said third means. 

2. A responder unit in accordance with the structure 
of claim 1 wherein said first means includes a parallel- 
tuned inductance-capneitance circuit resonant at the fre- 
quency of said first carrier. 

3. responder according to claim 2 in which said 
second means includes a demodulator connected to saia 
tuned circuit for dctnodulr.ling said first carrier signal to 
provide a response-acluating signal comprising the recti- 

5-3 ’d co.iiponcnt of said first carrier signal modulated with 
said plurality of discrete signals. 

4. responder unit according to claim 1 wherein said 
second means comprises a number of tuned circuits each 
of which is resonant at a difTcrent one of the frequencies 

CO of the said scloclcd racdulating signals. 

5. .\ rer.po.nJcr ur.h according to claim 1 wherein said 
second means comprises a number of tuned circuits each 
of which is rcs.nnant at a dilferent one of the frequencies 
cf the non-sc!ec:cJ modulating signals. 

6. A responder unit according lo claim 4 wherein said 
tuned circuits are connected in series with one another 
and wherein each of said tuned circuits comprises a par- 
aliel-luncG inductance-capacitance network. 

7. A responder uni; according to claim 5 wherein said 
tun-ed circuits arc connected in parallel with one an- 
other and whe.'cin each of said tuned circuits comprises 
a serics-luncd inductaiicc-capacitance network. 

8. A responder unit according to claim 5 wherein each 
Tr. of . said tuned circuits are connected in series with one 
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anoihcr and wherein each of said tuned circuits comprises 
' a paradel-luncd induciance-capacitance nctuork. 

responder unit acco'ding to claim 5 wherein some 
of said tuned circuits are connected in series v.'ith one 
another and wherein the remaining of said tuned circuits 
are connected in parallel with one another and v.'hercin 
said series-connected tuned circuits comprise parnllel- 
• tuned induclancc-capncitance. networks and wherein said 
parallel-connected tuned circuits comprise a series-tuned 
inductance-capacitance network. 

• _ 10. A coded responder unit ccmprislng; a first tuned 
circuit means for receiving a first radio freriucncy 
carrier corresponding to its resonance frequency hav- 
ing a plurality of fixed discrete audio frequency signals 
modulated thereon, said first tuned circuit means inchid- 
ing carrier demodulation means to provide a response- 
actuating signal including audio-frcqucncy eompoticnts in 
accordance with said audio-frequency signals; coding 
means coupled to said first tuned circuit means for sup- 
pressing selected ones of said atidio-frequcncy signals 20 
from said response-actuating signal; and a second tuned 
circuit means coupled to said coding me.ans and respon- 
sive to the response-actuating signal as modified by said 
coding means for generating a second radio frequency 
carrier having a frequency different from that of said 25 
first carrier and being modulated by the non-suppressed 
audio frequency signals. 

JI. A coded lesponder unit comprising: a tuned cir- 
cuit means iucluding a parallel-resonant i.uductance- 
capacitance pick-up coil for receiving a first radio fre- 
quency car.ner corresponding to the resonance-frequency 
of said pick-up coil, said first carrier having a plurality of 
audio frequency interrogat'-r signals' modulated thereon, 
said tuned circuit means providing an amplitude de- 
modulated response-actuating signal having audio fre- 
quency components in accordance with said interrogator 
signals, coding means coupled to, said circuit means for 
transmitting only selected ones of said audio frequency 
interrogator signals of said response actuating signal 
and providing thereby a coded response-actuating signal; 
and oscillator means coupled to said coding means and 
solely powered by said coded response-actuating signal 
for generating a second radio frequency carrier having 
a frequency different from that of said first carrier and 
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i T j i. e • carrier ana jo. /v passive responder unjt adapted to be excited 1 

hv V I the interrogator signals transmitted 45 a first radio frequency carrier having a plurality of i 

by said coding means. terrogator signals modulated thereon and for gcLrat 

12. Apparatus according to claim 10 in which said ' " ' " ' eciwrau 

first tuned ci'cuit means includes a resonant pick-up coil 
inductance and a capacitance; in which said response- 
actuating signal also contains a direct component; and 
:n which said second tuned circuit means includes an 
oscillator means for providing said second radio frequency 
earner, said coded respcnse-acttialing signal being con- 
nected to said oscillator means, whereby said second car- 
rier is modulated by the audio components of said coded 
response-actuating signal. 

13. Apparatus according to claim 10 in which solely 
said coded response-actuating signal provides power to 
said second tuned circuit means. 

14. A coded responder unit comprising: a parallel- 
resonant inductance-capacitance pick-up coil excitable 
with a first, radio frequency carrier having a frequency in 
accordance with the resonance frequency of said pick- 
up coil and being .modulated with a plurality of interro- 
gator signals; carrier demodulator means coupled across 
said pick-up coil to provide a rcsponsoractuaiing signal 
having a direct voltage compeneht’ commensurate with 

■ the magnitude of .said first carrier and alternating voltage 
components commensurate with the frequencies of said 
plurahty of said interrogator signal^; coding' means 
coupled to said demeJuiation means for transmitting said 
di-i-ect voltage component and selected ones of said alter- 
nating voltage components thereiiirough and providing 
thereby a coded response-actuating signal; and oscillator 


means coupled to said coding means and responsive to 
said coded response-actuating signal for generating a sec- 
ond- radio frequency carrier having a frequency different 
from that of said first carrier and being modulated by 
those of the interrogator signals whose frequencies are 
comraeiisurate with said selected ones of said alternating 
voltage components. 

15. A passive responder unit adupt-ed (o be excited 
by a first, radio frequency car.'ier having a plurality of 
audio frequency interrogator signals modulated thereon 
and for generating a second radio frequency carrier hav- 
ing only selected ones of said plurality of audio fre- 
quency interrogator signals modulated thereon, said re- 
sponder unit comprising; a parallel-resonant inductance- 
capncilance tuned cii'cuit having a resonance frequency 
corrciponding to said .fiist carrier; a rectifier connected 
in series with said tuned circuit; a radio frequency smooth- 
ing capacitor connected in parallel across the series com- 
bination of said tuned circuit and said rectifier, the com- 
bination of said tuned circuit, said rectifier and said ca- 
pacitor be.ing operative to provide a response-actuating 
signal having a rectified carrier component and audio 
compenents corresponding to said audio frequency in- 
terrogator signals; a coding means including a plurality 
of audio frequency tuned circuits responsive to said re- 
sponse-actuating signal. said coding means being operative 
to suppress particular ones of said audio frequency inter- 
rogator signals and operative to pass others of said audio 
frequency interrogator signals, thereby to provide a 
coded response-actuating signal having audio frequency 
components in accordance with said others of said audio 
frequency interrogator signals; and oscillator means re- 
sponsive to said coded response-actuating signal and op- 
erative to generate said second carrier, said oscillator 
3a means including a parallel-resonant inductaiice-capad- 
tance transmit coil, a transistor having a collector, an 
emitter and a base electrode, a parallel resistance-capaci- 
tance network coupled to said base electrode, an induc- 
tance inter-coupling one end of said transmit coil with 
said network, suid collector electrode being connected to 
the other side of said transmit coil, said coded response- 
actuating signal bei.nc applied to said emitter electrode 
and one end of said transmit coil. 

responder unit adapted to be excited by 
~ " ’ ' ’ - - 

— .. generating 

a second radio irequency carrier having only cert.ain ones 
of said plurality of interrogator signals modulated there- 
on. said responder unit comprising: a tuned circuit hav- 
ing a resonance frequency corresponding to said first 
carrier; dete. tor means coupled to said tuned circuit 
for providing a response-actuating signal having a recti- 
fied carrier c-’.mponer.t and a plurality of alternating cuf- 
rent conipcnc-nts co.Tespqnding-to-imid fntetrugaiOrrstjr!: 
■> na.s; coding means Including tuned circuits r^pd^nslve" 
to said response-actuating si.snal for transmitting onlv 
plurality of interrogator signals 
therethrough and operative to suppress others of said 
interrogator signals, thereby to provide a ceded response- 
a,.tuating signal having alternating current components 
in accordance with said selected ones of said interrogator 
signals; and oscillator means responsive to said coded re- 
sponse actuating signal and operative to generate said 
second earner, said coded response-actuating signal pro- 
Co v.d.ng the selejowcr to said oscillator means. 

17. A signalling s>>:cm for identifying passive coded 
responuers with an l.nterrogator, said signalling system 
comprising: mterrs'gcicr ii'ausmit means for producing a 
first radio frequency ca.'ricr having a plurality of. audio 
frequency . interrogator, signals nodulated thereon: at 
least one responder, said responder including pick-up 
means c.xcitLibie bt' sa.d first carrier, the clcctromag- ■ 
netic coupling bctv-ee.n st.id intcirogator transmit means 
75 and said responder pick-up means being a ma.ximum 
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when the distance therebetween is a n’inimurn; responder 
demodulation means coupled to Said responder pick-up 
means and operative to dcmodublc said first carrier and 
to provide a response-actuating sipnal having a rectified 
first carrier component and audio . conipoiients corre- 
sponding to said audio frequency interrogaior signals; 
responder coding means conpied lo said responder de- 
modulation means operative to transmit said rectified first 
carrier component and selected on-;.; of said audio com- 
ponents and thereby to provide a digitally coded re- 
sponse-actuating signal having saFcI rectified first carrier 
component incdu'atcd with said selected audio compo- 
nents which identify said responder uniquely, each re- 
sponder transmitting a dilTcrent selection of r.itdio com- 
ponents; responder oscillating means coupled lo said 
coding means for generating a second radio frequency 
carrier having said selected audio components ineduiated 
thereon, said digitally coded rc;-.pi>05e-actuatiug signal 
furnishing the sole power to saitl oscillating means; in- 
terrogator pick-up means excitable by said modulated 
second carrier; interrogator demodulation means coupled 
to said interrogator pick-up means and operative to de- 
modulate said second carrier anil to provide a second 
rectified earlier component and aivjio components corrcr 
spending to said selected audio frequency interrogator 
signals; interrogator signal discriniiaating means having 
a plurality of channels coupled to -said interrogator de- 
modulation means, each one of sai-d channels being se- 
lectively responsive to a diffc'.cnl o"«. of said audio com- 
ponents and being operative (o provide an output voltage 
for each of the audio components modulated on said 
second carrier; and a plural stage register means re- 
sponsive to said output voltages, each of said channels 
being coupled to a dilTcrent stage of said register to pro- 
vide an indication of the presence or absence of said 
output voltages. 

18. A signalli.ng system in accordance with claim 17 
including a data link transmission system having a data 
link transmitter responsive to sail output voltages and 
operative to sequentially sample er;ch of said register 
siages and encode a third radio frequency carrier in ac- 
cordance with the s'atc of said stages, said transmission 
system also including a data link receiver means respon- 
sive to said tiu’rd carrier and operative to decode said 
third carrier to derive an iudicatioa of the state of each 
of said stages. 

19. A railroad signalling system for sequentially iden- 

a plurality of adjacent passive coded responders 
located upon the tracks of a railroad network by means 
of an interrogator located upon a railroad vehicle, each 
responder being irlentified when said railroad vehicle 
2 s approximately at a selected mtnirnuni distance there- 
from, said sig;talling system comprising: an interrogator 
including a transmit means for geacrating a first radio 
frequency carrier moduiated with a plurality of audio 
frequency interrogator si'-nals, a receive means for re- 
ceiving and demodulating a second radio frequency car- 
rier modulated with a selected ccmbinaiicn of said audio 
frequency intCTOgator signals, an audio frequency dis- 
criminating means coupled to said receive means and op- 
erative to -provide a separate output voltage for each 
interrogator signal ircluded withia said selected com- 
bination, and a multi-stage register, each stage~being 
associated w'hh and responsive to a different one of said 
output voltages for providing an indication of said in- 
ler.'ogator signals included withitr .said s-e!ccted combina- 
tion; and a plurality of responders, each responder in- 
cluding a pick-up moans for receiving and deaiodulating 
said modulated first carrier to provide, a responsc-actu- 
.atqr signal having a rectified carrier component and audio 
, components in accordance with said plurality of interro- 
ga'or signals, a coding means coupled to said pxk-up 
means transmitting said rec'ificd carrier component and 
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of said interrogator signals therethrough, each responder 
including a coding means transmitting a different selected .. 
conibinaticn of audio components, and oscillator means 
coupled to said coding means and p-owered by said trans- 
5 milted rectified carrier component and op-;rativc to provide 
said second carrier, said transmiiteJ audio components be- 
ing operative to modul.rte said second carrier with said se- 
lected combination of interrogator signals. 

20. A signalling system for identifying passive coded 
10 responders with an imerrogator. said system comprising: 

interrocator transmit means for providing a first radio 
frequency carrier haring a piuralily of audio frequency 
interrogr^tor signals modulated thereon; at least one pas- 
sive icsponder responsive lo said first radio frequency 
15 carrier and operative to provide, in response thereto a 
second jcidia- frequency carrier having only selected ones 
of said plurality of interrogator signals modulated there- 
on; interrogator pick-up means associated with said in- 
terrogator transmit means and excitable by said modu- 
20 lated second carrfer; Lnterrogator demodu-ation means 
coupled to said interrogator pick-up means and operative 
to demodulate said second carrier and to provide a rec- 
tified carrier component and audio component: corre- 
sponding to the frequencies, cf said selected interrogator 
25 signals; audio ficqucney discriminating and detecting 
means including a plurality of frequency sensitive chan- 
nels each ‘tuned to a different one of said interrogator 
signals, each one of said channels being selectively re- 
sponsive to a different one of said audio components and 
operative to provide an output voltage upon application 
of an audio component to which it is tuned; and plural 
stage register means, each stage being set by a different 
one of said output voltages to provide an indication of 
said selected interrogator signals. 

21. A signalling syslcin for identifying passive coded 
responders by means of an interrogator and comprising: 
interrogator transmit means including automatic gain 
control .Ticans responsive to a control voltage for provid- 
ing an a.mplitude-controlled first radio frequency carrier 
having a piuraiity of audio frcquoncy interrogator signals 
modnlaied thereon; at least one passive responder c.x-. 
citable by said first carrier and operative to provide, in 
response thereto, a second radio frequency carrier having 

• only selected ones of said plurality of interrog.ator signals 
45 modulated thereon, said interrogator transmit means and 
said responder being capable of relative motion in re- 
spect to one another so as to vary the degree of electro- 
magnetic coupling therebetween; interrogator pick-up 
means for receiving said moduiated scco.nd can'ier; in- 
69 terrogator demodulation means coupled to said interio- 
gator pick-up means and operative to demodulate said 
second carrier to derive said control voltage commen- 
surate with the rectified earner co.mpor.ert of .said t-iecond 
carrier and audio ccmpoiients corresponding to said. se- 
lected interrogator signals; m.icrrogator signed discrim- 
inating and detecting means having a pluiality of fre- 
quency sensitive channels e.rch selectively responsive to 
a different one of said, audio components and operative 
to provide an output voltage upon application of an 
audio component of its indiviJuai f.'equency. 

22. A signailing system in accordance with claim' 21 
having a gating means interposed betw'csn said interro- 
gator dernoduluticn means and .s.aid interrogator signal 
discriminating means, said g.ating .means being responsive 
to a gate control signal and being operative to trans;nit 
said audio components to said signal discriminating 
means upon the occurrence of said gate control signal, 
and gale control signal means responsive to said rectified 
carrier component of said second c.anier and ope-ative ' 
to provide said gate control signal when said rectified 
carrier component reaches a predetermined mag.nitude. 

23. A signalling system in accord.ancc with claim 21 
wherein said interrogator transmit rheans includes a con- 
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earner con^poacnt of sald^cc^d carrier 

the . magnetic radiaiion from .s-.U .responder and to derive, 

a rcfercrce voltage to said control volt- e ^ recified response carrier voUage and a contpnsite m- 

2-1. A signariing system m accordanv.e _»uh ciaim -1 .grro-alor respons-* si-nal includina said selected ' inter- 

xvhercin said interrognter inc.uoes a mu.n-slagc re^^sier 5 sicnaYsi interrogator signal discriminator means 

ci-.ch sta^-c of said rctziiicr beit>^ assou^ Cu - h'lvi-r'* a difTercijl output terminal associated v.uh each 

a diiTcrent One of said audio components and being re- ■ = j,’..jral'tv of inlerroeator signals for unscram- 

sponsive to a coding voltage d.ftercncc signal, and a interro^^^^ response signal, said 

plurality of comparing means. e.acn companng mea- discriminator m'cans being responsive to sa'd composite 

being responsive to ir.terro tator response signal and operative to provide re- 

paring the magnitude of said coding vo.u^v v.,il) a fut ^ sDonse ”0111001 signals on those of said output terminals 

reference voltage and b^ing operative to dertve saia cod- said selected interrogator sig, 

ing voltage difference signal. ..i.:— na nals- a pUiralny of detector means each responsive to a 

25. A signalling sy^stem m accordance^ claim 24 sig.^s and opesa- 

wherein each stage m said multi-sta^e rt^isur^ m . response output voilag'cs indicative of .'aid 

responsive to a reset p'Jise for deal, ng sjid ri.^..,cr.^unJ i-itcrro'’aidr s^enals received by said .-eceive 

reset pulse means responsive to said recliiied cc.rnei voin- j comparin'’ means responsive to said tectified 

ponem of said second carrier and providing said reset ™fp;]^;f,trr^r v^ItaYc X comfaring said rectified re- 
pulse when said reclined carrier cornponen. suffe, s a pee ^ ^ reference voltage and opera- 

determined change of magnitude. • ■ . live to orovidc said automatic gain control difference 

26. An interrogator-responder system comprising: m- to proviuc sda aui t 

terrogator transmit means including autcmalic gain con- voltage 

irot means responsive to an automatic gain control differ- References Cited in the file of this patent 

ence voltage for controlling the amplituoe of electro- TiviTPn PATENTS 

magnetic radiation in the form of a first radio frequency ->> UNITED STATES PATEN lb ^ 

carrier having a plurality of interrogator signals modu- 2.000.130 Espcnschied el al. May 1 , IV35 

lated tlicreoiu a passive respon^Jer responsive to said 2,569,662 Dcloraine : 

first carrier and operable to provide response electro- 2,542,803 Evans Feb. 20, 1951 

macnetic radiation in the form of a second radio fre- 2,607,004 Harris 1 Aug. 12, 1952 

quency carrier having only selected ones of said phi- 2,664,554 Doremus Dec. 29, 1953 

rality of interrogator sign.als modulated thereon, said 2.679,043 Lipkin — M^Y 1°> 

interrogator transmit means and said responder being 2,818.732 Bennejt - Jan. A 

capable of relative movement so as to vary the length 2,841,700 Hallden cilf o’ loss 

and alienuation of the path of said electromagnetic radia- 2,851,592 We,.ster .. Tan 23* 1962 

lion between said interrogator transmit means aitd said 3,018,475 Kletst et al. Jan. 23, 1962 
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